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Unifed ModelUnifed Model
Black hole with an accretion diskBlack hole with an accretion disk

Material near the BH is ionizedMaterial near the BH is ionized

Close to the BH the clouds have high velocities Close to the BH the clouds have high velocities 
(BRL)(BRL)

V > 2000 km/sV > 2000 km/s

Further away from the BH lower velocity and Further away from the BH lower velocity and 
narrow lines (NLR)narrow lines (NLR)

500 km/s < V < 1000 km/s500 km/s < V < 1000 km/s

Dust torus surrounds the central engine and Dust torus surrounds the central engine and 
BLR in the same plane as the accretion disk.  BLR in the same plane as the accretion disk.  
The orientation of the dust torus relative to the The orientation of the dust torus relative to the 
line of sight afects the classifcation of the line of sight afects the classifcation of the 
AGN.AGN.
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Type 2 objects: Type 2 objects: 
Seyfert 2s, Narrow Line Radio Galaxies Seyfert 2s, Narrow Line Radio Galaxies 
and Type 2 Quasarsand Type 2 Quasars

Type 1 objects:Type 1 objects:
Seyfert 1s, Broad Line Radio Galaxies Seyfert 1s, Broad Line Radio Galaxies 
and (Type 1) Quasarsand (Type 1) Quasars

Blazars:Blazars:
BL Lac Objects and BL Lac Objects and 
Optically-Violent VariablesOptically-Violent Variables
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Unifed Model cont.Unifed Model cont.

Diferent wavelength light comes from Diferent wavelength light comes from 
diferent areas of the “central engine”diferent areas of the “central engine”

Gamma rays from the very inner accretion diskGamma rays from the very inner accretion disk

X-ray and UV from next innermost parts of disk and X-ray and UV from next innermost parts of disk and 
jet jet 

Radio from particles accelerated to relativistic Radio from particles accelerated to relativistic 
energies in the jet (synchrotron radiation)energies in the jet (synchrotron radiation)

Visible light (continuum) from farther out in disk or Visible light (continuum) from farther out in disk or 
jetjet

Visible light (emission lines) from BLR and NLR Visible light (emission lines) from BLR and NLR 
cloudsclouds

Infrared from radiation from surrounding dust Infrared from radiation from surrounding dust 
grains, either in clouds or from the torusgrains, either in clouds or from the torus
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What can limit the AGN What can limit the AGN 
Luminosity?Luminosity?

FF
gravgrav

 = GMm = GMm
pp
/r/r22

Radiation Pressure = Radiation Pressure = 
TT
L/(4L/(4rr22c)c)

If the radiation pressure > FIf the radiation pressure > F
gravgrav

  

Then the infow to the BH will be Then the infow to the BH will be 
quenched.quenched.
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What can limit the AGN What can limit the AGN 
Luminosity? cont.Luminosity? cont.

If PIf P
radrad

 = F = F
grav grav 

then this is the then this is the 

maximummaximum
luminosity the AGN can have before luminosity the AGN can have before 
shutting of the infow of matter and shutting of the infow of matter and 
isis

L = 4L = 4GMmGMm
pp
c/c/

TT
    3x103x1044 (M/M (M/M

⊙⊙
)L)L

⊙⊙

This is the Eddington luminosity. ThisThis is the Eddington luminosity. This
Is only true for spherical Is only true for spherical accretion.accretion.
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Superluminal MotionSuperluminal Motion
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Measuring the apparentMeasuring the apparent
motion of the “blobs” motion of the “blobs” 
gives you v ~ 4cgives you v ~ 4c
New Physics??New Physics??
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V/C for a sample of 33 jetsV/C for a sample of 33 jets



Physics 315 Fall 2011Physics 315 Fall 2011

Superluminal MotionSuperluminal Motion
The knots are moving The knots are moving 
towards us at an angletowards us at an angle    
measured from the line of measured from the line of 
sight.sight.

A photon emitted along theA photon emitted along the
line of sight at time t=0, line of sight at time t=0, 
travels a distance d to us, travels a distance d to us, 
taking a time ttaking a time t1 1 to arrive:  to arrive:  
tt11 = d/c = d/c

A second photon is emitted at A second photon is emitted at 
a time t later, when the blob a time t later, when the blob 
is a  distance d – vt cosis a  distance d – vt cos  
away from us.  The second photon away from us.  The second photon 
arrives at  arrives at  tt2 2 = = tt  + (d - vt cos+ (d - vt cos)/c)/c

The observed diference in the time of arrival from photon 1 & 2 is:The observed diference in the time of arrival from photon 1 & 2 is:
ttobsobs = t = t22 -  -   tt1 1 ==  tt  (1 – vcos(1 – vcos/c) </c) <  tt
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Superluminal MotionSuperluminal Motion

The apparent transverse velocity is The apparent transverse velocity is 
  VV

appapp
 = vT = vT

ee
 sin( sin())/ / ∆∆tt

                    = v sin (= v sin ())/(1-vcos(/(1-vcos())/c) let /c) let =v/c=v/c
                      = = csincsin()/{1-()/{1-coscos()}()}
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Superluminal Motion cont.Superluminal Motion cont.

Let Let  = 1/(1- v = 1/(1- v22/c/c22))1/21/2, , this is the Lorentz factor.  Then:this is the Lorentz factor.  Then:
vvapappp  ≤≤  v (the maximum observed velocity) which occursv (the maximum observed velocity) which occurs
when coswhen cos    = v/c.  = v/c.  We will only observe superluminal We will only observe superluminal 
motion when the jets are pointed within an angle of 1/motion when the jets are pointed within an angle of 1/  

towards the line of sight. towards the line of sight. 

This light will be beamed and brightened.This light will be beamed and brightened.
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Superluminal Motion cont.Superluminal Motion cont.

To a stationary observer, the “clocks” on the knot To a stationary observer, the “clocks” on the knot 
appear to run slow by a factor ofappear to run slow by a factor of  , , from before,from before,
ttobsobs  = = t (1 – vcost (1 – vcos/c) /c) 
ttobsobs  = = tte e  (1 – vcos (1 – vcos/c)/c)
So the observed frequency of the light is So the observed frequency of the light is 
obsobs = =ee[[ (1 – vcos (1 – vcos/c)]/c)]-1-1

When When >>1>>1, , all the light is focused all the light is focused 
into a narrow cone of sininto a narrow cone of sin=1/=1/ ~  ~ ,,
and compressed in time byand compressed in time by  ttobsobs  = = tte e /2 /2 ..
Thus the light will be brightened by a factor ofThus the light will be brightened by a factor of 1/( 1/(22))22

This explains why we usually only see one relativistic jet,This explains why we usually only see one relativistic jet,
the one being beamed towards us.the one being beamed towards us.
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Quasar Host GalaxiesQuasar Host Galaxies
With good telescopes (and some image processing) the With good telescopes (and some image processing) the 
quasar light can be subtracted and the host galaxy quasar light can be subtracted and the host galaxy 
revealedrevealed

One can image quasar hosts with HSTOne can image quasar hosts with HST

Many are interacting – does interactions trigger AGN Many are interacting – does interactions trigger AGN 
activity?  Promote fueling gas into centers?activity?  Promote fueling gas into centers?

Not all galaxies with SMBH are AGN (even the Milky Not all galaxies with SMBH are AGN (even the Milky 
Way)Way)

Quasars were much (~1000x) more numerous at z~3 Quasars were much (~1000x) more numerous at z~3 
than todaythan today

Is an AGN a requirement for galaxy formation?  Does Is an AGN a requirement for galaxy formation?  Does 
every galaxy have a SMBH? every galaxy have a SMBH? 

More interactions in the past?More interactions in the past?

Quasars were also much more luminous in the pastQuasars were also much more luminous in the past

There is probably some combination of luminosity and There is probably some combination of luminosity and 
density evolution!density evolution!
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There is evidence that most There is evidence that most 
if not all galaxies have a BHif not all galaxies have a BH
in their center but many of in their center but many of 
these are quiet! Not beingthese are quiet! Not being
fed(?) so they are hard to fed(?) so they are hard to 
detect detect 

M32M32 
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What do they have in What do they have in 
common?common?

Variability on short time scales implies a small emission Variability on short time scales implies a small emission 
regionregion

R=cR=ct ~ 7-10 AU (for variability on the order of hours)t ~ 7-10 AU (for variability on the order of hours)

Highly luminous!Highly luminous!

Most likely powered by a black holeMost likely powered by a black hole

Schwarzschild radius is the radius where the “escape Schwarzschild radius is the radius where the “escape 
velocity” equals the speed of light around a black hole velocity” equals the speed of light around a black hole 
of mass M:of mass M:

RRSchSch=2GM/c=2GM/c22

Continuum emission powered by gas falling onto Continuum emission powered by gas falling onto 
central black hole, losing potential energy, heating up central black hole, losing potential energy, heating up 
and  radiatingand  radiating

Since gas has angular momentum it forms an accretion Since gas has angular momentum it forms an accretion 
diskdisk
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What Have We Learned?What Have We Learned?

What is the structure of the Milky Way galaxy? What is the structure of the Milky Way galaxy? 

What are the components of our Galaxy? What are the components of our Galaxy? 

Where are stars forming in our Galaxy? Where are stars forming in our Galaxy? 

Where are the globular Clusters?Where are the globular Clusters?

How big is our Galaxy?How big is our Galaxy?

Where is the Sun's position in the Milky Way?Where is the Sun's position in the Milky Way?

Why was the Shapley-Curtis debate important? Why was the Shapley-Curtis debate important? 

Who helped to resolve this debate?Who helped to resolve this debate?
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What are proper motions? What are proper motions? 

What is cluster main sequence ftting? What is cluster main sequence ftting? 

What is parallax?What is parallax?

What are some of the diferences between spiral, What are some of the diferences between spiral, 
elliptical, and irregular galaxies?elliptical, and irregular galaxies?

What are the diferent classifcation schemes? What are the diferent classifcation schemes? 
How are they related? How are they diferent? How are they related? How are they diferent? 

What physical characteristics vary among the galaxyWhat physical characteristics vary among the galaxy
  types? types? 

How is this related to classifcation schemes? How is this related to classifcation schemes? 
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What do astronomers mean by the Local Group?What do astronomers mean by the Local Group?

What kind of galaxies make up the local group? What kind of galaxies make up the local group? 

What type of galaxies make up clusters of galaxies?What type of galaxies make up clusters of galaxies?

What are quasars? What are some of their What are quasars? What are some of their 
properties?properties?

What are Seyfert Galaxies? What are Seyfert Galaxies? 

What are Radio Galaxies?What are Radio Galaxies?

Are Seyfert and Radio Galaxies related? If so how?Are Seyfert and Radio Galaxies related? If so how?
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Describe the internal dynamics of Spiral galaxies? Describe the internal dynamics of Spiral galaxies? 
Of elliptical galaxies. How are they diferent? How Of elliptical galaxies. How are they diferent? How 
are they similar? are they similar? 

What are spiral arms? What are spiral arms? 

What are the processes that we think may form What are the processes that we think may form 
spiral arms? When are they applicable. spiral arms? When are they applicable. 
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How do we know that the Universe is expanding?How do we know that the Universe is expanding?

How do we measure this? How do we measure this? 

What is the Tully-Fischer relation? What is the Tully-Fischer relation? 

Can this be used with elliptical galaxies?Can this be used with elliptical galaxies?

Can this be used with Seyfert galaxies? Can this be used with Seyfert galaxies? 

What is superluminal motion? What is superluminal motion? 

What is gravitational lensing? What is gravitational lensing? 
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What is the origin of large scale structure in the What is the origin of large scale structure in the 
universe? universe? 

What are some of the diferent methods of What are some of the diferent methods of 
observing it? Of measuring it? observing it? Of measuring it? 

How is the Hubble parameter related to the How is the Hubble parameter related to the 
expansion of the universe? expansion of the universe? 

What is meant by a radiation dominated universe? A What is meant by a radiation dominated universe? A 
matter dominated universe? matter dominated universe? 

What are peculiar velocities? What are peculiar velocities? 

Why are quasars important in the study of the early Why are quasars important in the study of the early 
universe? universe? 

 


